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ANN-ECG temperature transferability
Fig. S1. Temperature transferability of the ANN-ECG model. 2D histograms of ANN-ECG performance (A) trained on 300 K/rigid applied to 500 K/rigid and (B) trained on 500 K/rigid applied to 300 K/rigid. Colorbar denotes the probability distribution of predicted HOMO energy levels, and the inset shows the prediction in the interval of the highest-energy HOMO.
ANN-ECG performance vs. training data size
Fig. S2. ANN-ECG performance versus training data aize for 500 K/rigid dataset. Plot of ANN-ECG performance vs. size of training set for the 500 K/rigid data set of S3MT. RMSE (green) and r 2 (blue) error bars obtained via 5-fold cross-validation applied to a held-out 1,000 configuration validation data set. Error bars represent one standard deviation. 
Hyperparameter optimizations
We performed a hyperparameter grid search of the number of layers in the ANN, as well as the number of neurons within each layer. Improvements were not observed for more than 2 hidden layers. Performance estimates occurred for 10,000 epochs with 1,000 batch size using 5-fold cross-validated RMSE and r 2 on the 300K/rigid data set using the 3-bead/3MT orthogonal coordinate system monomer mapping. [4, 5, 6] , [3, 7, 8, 9, 10] ] 4 - [[1,2] , [4, 5, 6] , [3, 7, 8, 9, 10] ] 5 - [[1,2] , [3, 4, 5, 6, 7, 8, 9 ,10]] 6 - [[1,2,3,4,5,6,7,8,9 ,10]] 7 -1 bead at COM of every two 3MT monomers. 8 -One bead at COM of entire S3MT Fig. S4 . Atomic numbering scheme used for each 3MT monomer.
Cross-validated results for main-text Figure 4
To check the dependence of the learned values on we perform a grid search at every level of resolution through the following parameter space neurons_per_layer = [10, 20, 30, 40, 50, 60] ,
. These errors are compared to that using the [50, 50, 50, 6 ] ANN hyperparameters. 
Delta-ML approach to S3MT HOMO band energies
To compute a delta-ML style prediction, we utilize the fitting parameters from the 300K rigid tight-binding model to find the difference between the ZINDO/S predicted energies and that of the fitted tight-binding result. This difference is then directly regressed to the distance matrix of the coarse-grained coordinates.
Delta-ML approach achieves a 5-fold cross-validated RMSE of 17.3 +/-0.001 meV, and a r 2 score of 0.876 +/-0.001 on the 300K rigid data set. This makes the delta-ML approach comparable, though slightly worse, than the direct regression of the electronic structure from the coarse-grained coordinates. This is consistent with the interpretation that the best performance is achieved when the ANN can apply a non-linear transformation to the completely generalized input feature, as opposed to introducing an additional potential bias to the energies via subtraction of the tight-binding model predictions. 
Applications of ANN-ECG to other chemical species
To demonstrate the utility of ANN-ECG applied to a variety of conjugated chemical species with differing molecular geometries, we have applied ANN-ECG to a high-performance donoracceptor conjugated copolymer, PTB7, and a complex non-fullerene acceptor, TPB. We utilize the same rigid monomer approach for PTB7, akin to that for S3MT in the main text, sampling 10,000 configurations at 10 ps intervals taken at 300K. We also use the same 3-bead/monomer mapping as for S3MT. For TPB we apply a rigid monomer approach to all conjugated rings, and select a CG mapping using the graph-based algorithm referenced in the main text with four iterations of spectral grouping. 10,000 configurations are drawn from 1000K MD simulations in an attempt to escape kinetic traps associated with the large perylenediimide units. The TPB mapping is shown, along with the results, in fig. S6B , and represents a reduction of the 352 bead atomistic system to 13 CG beads.
For PTB7, we instead regress both the valence and conduction band energies, specifically the HOMO-2, HOMO-1, HOMO, LUMO ,LUMO+1, and LUMO+2 energies simultaneously. For PTB7 we achieve a 5-fold cross-validated RMSE of 4.8 +/-0.3 and a R2 of 0.989 +/-0.001 using the same ANN hyperparameters as used for the single molecule S3MT results.
For TPB, we regress the four lowest-lying LUMO energy levels of PTB to the 13 CG bead representation, obtaining a 5-fold cross-validated RMSE of 26.2 +/-0.4 meV and R2 of 0.610 +/-0.002 using a [20, 20, 4 ] ANN configuration with a batch size of 32, obtained via a grid search hyperparameter optimization. Fig. S6 . Application of ANN-ECG to A) conjugated copolymer PTB7 and B) non-fullerene acceptor TPB.
ANN-ECG HOMO prediction at the density functional theory level
To demonstrate the utility of ANN-ECG to more advanced electronic structure methods, we have computed the six highest HOMO energies of S3MT at the BP86/def2-SVP level of DFT theory. Due to the explicit inclusion of all non-local Coulomb and exchange integrals, the entire coarsegrained distance matrix obtains the highest accuracy predictions, as opposed to simply the nearest neighbor CG distances used in the main text. We find that hyperparameter optimization leads to superior cross-validated accuracy when an additional 50 neuron layer is added to the ANN structure of the main text, and 'lecun_normal' initialization is used instead of 'he_normal'. This achieves a 5-fold cross-validated RMSE error of 11.1 +/-0.4 meV and a R2 of 0.94 on the 300K/rigid dataset. 
# -----------------Atom Definition Section --------------------read_data "box_of_P3MT_poly6.data" # -----------------Setting Section ------------------
#Non-bonded interactions (pair-wise) #pair_coeff atomType1 atomType2 eps(kcal/mol) sigma (ang) pair_coeff 1 1 0.250000 3.550000 pair_coeff 1 2 0.132288 3.550000 pair_coeff 1 3 0.132288 3.550000 pair_coeff 1 4 0.132288 3.550000 pair_coeff 1 5 0.132288 3.550000 pair_coeff 1 6 0.086603 2.931041 pair_coeff 1 7 0.132288 3.550000 pair_coeff 1 8 0.086603 2.979094 pair_coeff 1 9 0.086603 2.931041 pair_coeff 2 2 0.070000 3.550000 pair_coeff 2 3 0.070000 3.550000 pair_coeff 2 4 0.070000 3.550000 pair_coeff 2 5 0.070000 3.550000 pair_coeff 2 6 0.045826 2.931041 pair_coeff 2 7 0.070000 3.550000 pair_coeff 2 8 0.045826 2.979094 pair_coeff 2 9 0.045826 2.931041 pair_coeff 3 3 0.070000 3.550000 pair_coeff 3 4 0.070000 3.550000 pair_coeff 3 5 0.070000 3.550000 pair_coeff 3 6 0.045826 2.931041 pair_coeff 3 7 0.070000 3.550000 pair_coeff 3 8 0.045826 2.979094 pair_coeff 3 9 0.045826 2.931041 pair_coeff 4 4 0.070000 3.550000 pair_coeff 4 5 0.070000 3.550000 pair_coeff 4 6 0.045826 2.931041 pair_coeff 4 7 0.070000 3.550000 pair_coeff 4 8 0.045826 2.979094 pair_coeff 4 9 0.045826 2.931041 pair_coeff 5 5 0.070000 3.550000 pair_coeff 5 6 0.045826 2.931041 pair_coeff 5 7 0.070000 3.550000 pair_coeff 5 8 0.045826 2.979094 pair_coeff 5 9 0.045826 2.931041 pair_coeff 6 6 0.030000 2.420000 pair_coeff 6 7 0.045826 2.931041 pair_coeff 6 8 0.030000 2.459675 pair_coeff 6 9 0.030000 2.420000 pair_coeff 7 7 0.070000 3.550000 pair_coeff 7 8 0.045826 2.979094 pair_coeff 7 9 0.045826 2.931041 pair_coeff 8 8 0.030000 2.500000 pair_coeff 8 9 0.030000 2.459675 pair_coeff 9 9 0.030000 2.420000 
